The masimum effort flow-volume (MFV) loops of 82 subject8 were analyzed dong with standard spirometric me&urementa Thirty-eight ;ere normal smokers and nonmoken. Ninetan had d c t i v e disease and 25 had o~c t i v e disease. The means of the maximum e x p b tog and inspiratory Bows at pePL, and at 75,50 and 25 percent VC with their ratios are determined for dl groupe. The location of PEF in the VC, PEF-MEF7a/PEF percent and AV/AV over midexpimtlon are Plso given. MEF2a and MEF2a/MIF2a weF 8ignificmtly lower in normal smokers than in nonsmoker& AV/ AV wss pite its description more than a decade ago by DISHyatt and associates,' the maximum eEort flowvolume (MEFV) loop has not been used widely in routine pulmonary function evaluation. Several studies have attested to its usefulness and have described qualitative and quantitative changes in various clinical settings.27 The puspose of this study is to describe our experience with this test as it is routinely applied. Qualitative and quantitative relationships between maximum expiratory and inspiratory flow and volume are described in normal subjects, in patients with obstructive and in patients with restrictive pulmonary disease. The findings are related to standard spiromebic measurements.
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The subjects were divided into six groups: normal men smokers and nonsmokers, normal women smokers and nonsmokers, patients with restrictive disease and those with obstructive pulmonary disease. The normal subjects were young healthy hospital employees without knowledge of significant respiratory complaints or disease. Normal smokers and nonsmokers were studied separately to determine if any differences exist in their flow-volume relationships. The Bow-volume loop provides a simple and rapid pssessment of mechanical derangement of the hmg.
radiographic and function studies. These patients had primarily vital capacities and total lung capacities below 80 percent of predicted and generally had FEVI/VCS above 72 percent.8 Six had diffuse interstitial fibrosis, five had chronic interstitial pneumonia and one had acute interstitial pneumonia. Three had congestive heart failure, two had pleural fibrosis and the remaining two had mitral stenosis and amyotrophic lateral sclerosis. The patients with obstructive pulmonary disease were also defined on the basis of accepted clinical, radiographic and functional criteria.9 Their diagnoses included chronic bronchitis, emphysema and mixed disease. Their total Lung capacity was generally greater than predicted and their FEV1/VC was below 72 percent. Patients with reversible airway obstruction were excluded.
Flow was measured as the pressure drop a c r w a low resistance pneumotachograph and the flow achieved was integrated to obtain volume.' Flow and volume were displayed on an x-y oscilloscope recorder.** The tracing obtained was photographed with a Polaroid camera. The subject in the seated position was instructed to inspire to total lung capacity (TLC) and expire forcibly and maximally to RV. This was then followed by a forced and maximal inspiration to TLC, completing the maneuver. The maneuvers were performed three times to insure a standard volume history. Subsequent M E N loops were selected on the basis of best effort and adequacy of recording expiratory and inspiratory flow. Vital capacity and FEVl were recorded on a 9 liter spirometer. at resting level and was displayed on the x-y oscilloscope recorder .I2
Statistical Methods
Fifteen variables were assigned each individual. In each group tested for significant differences between the means of each variable, the t test was used where
(1)
For the comparison of the varianca we used the F test, F = S12/Sla with ( nl -1, n2 -1 ) degrees of freedom. In cases where the variances were equal, the degrees of freedom for the t test were nl + nz -2. In cases where the variances
were not equal, we made an adjustment for the degrees of freedom.13~14 The Pearson correlation coefficient was used to determine the dependence between variables where: r = n~x y -2 x 1 :~ ( 2 )
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The statistic t = --w a s used to test the significance of and is expressed as a percentage of PEF (PEF-MEF75IPEF percent). The location of PEF in the FVC is also shown as well as the ratios of change in flow to change in volume from 75 percent VC to 25 percent VC and from 60 percent VC to 40 percent VC (AV/AV~S-Z~, AV/ A v a~o ) .
The descending limb of the maximal expiratory flow curve is depicted without any curvilinearity. Actually, two patterns of descent are seen in normal subjects. In one, the descent of the maximal expiratory flow tracing to RV is straight; in the other, there is a slight convexity toward the volume axis in its terminal portion.
N o d Subjects
The age range for males and females was 20 to 45 years. The mean age for the women nonsmokers was 26.1 years and that of the women smokers, 30.1 years. The men nonsmokers averaged 27.2 years and the smokers, 31.4 years. The means of the variables from the M E W loops of men and women smokers and nonsmokers are shown in Table 1 . Most of the variables did not have sigdcantly different means. The standard deviations and the P values for those variables that were sigdcantly different are shown. Terminal expiratory flow was significantly lower in both men and women smokers as well as the MEFZJ/MIFZS ratios. MEFw/MIFw was lower in smokers and PEF occurred at higher lung volumes in smokers though the difference was sigdicant only in the male subjects.
Restrictioe Lung Disease
The means of the variables derived from the MEFV loops of 19 patients with restrictive disease are shown in Table 2 . As may be expected, absolute flow rates were sigdicantly higher in men than in women and were generally lower in the older age groups in both. For the most part, the remaining variables were not significantly affected by sex or age. The AV/AV ratios and expiratory-inspiratory flow ratios were higher than in normal subjects. The latter was due to lower inspiratory flow rates in restrictive disease. Considering all the data for percent predicted FVC and AVl~vao-~o, we found a significant negative correlation ( r = -.40). When only women of ages 34-72 were considered ( no. 7), a strong negative correlation was found ( r = -90). The Pearson correlation coefficients between percent predicted VC and PEF, PIF, MEFm, MIFz5 and PEF in percent FVC were fair ( r = -6, .53, .53, .67 and .50 respectively). All were at a significance level of a< .05.
Obstructive Disease
The obstructive group showed reduced expiratory CHEST, 66: 5, NOVEMBER, 1974 THE FLOW-VOLUME LOOP 473 flow, particularly at lower lung volumes (Table 3) . Flow rates were generally sigdcantly lower in the older age groups as were AV/AV ratios. The flow ratios did not differ sigdcantly with age. PEFMEF7s/PEF percent was much greater than in normal subjects. MEFw/ MIFw and MEFs/ MIFs was also markedly reduced. Table  5 . PEF, PIF and MIF were not significantly different in the two groups. MIFaa was higher in the obstructive groups though the difference was not significant in the women. AVl hV, MEFsoI MIFso, MEF25/MIF25 were significantly lower and PEF-MEF751PEF percent significantly higher in the obstructive group at all ages. In nine subjects, dynamic compliance was measured at different frequencies of respiration. The percentage of decrease in dynamic compliance with increased frequency was related to MEF2sIMIFzs (Fig 4) . There was a strong negative correlation between percentage of decrease and MEF2sIMIFzs.
One might criticize the fact that expired gas volume was used in this study instead of thoracic gas volume. The effect of thoracic gas compression on the MEFV loop has been shown to be negligible, particularly at low lung volumes.16 Furthermore, the MEFV curve obtained using expired gas volume was found to be more sensitive in detecting mild airways ob~truction.'~ There may also be some disadvantages to the use of expiratory-inspiratary flow ratios. The descending limb of the expiratory loop is effort independent. Inspiratory flow, on the other hand, is critically effort dependent throughout. However, technically unsatisfactory inspiratory Constant. Therefore, the slope may be shown to be related to intrapulmonary airways resistance and lung compliance. Maximal expiratory flow is dependent on airways resistance and lung elastic recoil. Knudson , et a120 have attempted to measure indirectly lung elastic recoil and compliance by simple measurements of airways resistance and maximal expiratory flow. They concluded their estimates were inaccurate or in m r for reasons which are beyond the scope of this discussion. Nevertheless, the data reported here and by others support the fact that the MEVF loop provides an estimate of the degree of airways obstruction or reduced compliance.
It is now generally accepted that small airways 
MEFu
-to have a cunilinear terminal expiratory flow pattern with convexity toward the volume axis. The other half had a straight descent to residual volume. Those with the curvilinear terminal portion had small residual volumes and could decrease their lung volumes to below closing volume, whereas the others showed no closing volume phenomenon and had larger residual volumes. We have noted both a curvilinear and a straight descent in normal smokers and nonsmokers, and in itself, this terminal flow pattern did not distinguish the two. However, MEFzs and the MEFz~/MIFz~ flow ratio were significantly different in the two groups. Little data are found on normal flow ratios, particularly for MEF25/MIFzs. We found this to be above .32 in all our normal subjects. The calculated MEF25lMIF25 ratios from Bass'2S data on normal subjects are similar. In all of our patients with clinically significant chronic airways obstruction, the MEFzJ/MIFzJ ratio was about .3 or less.
A simple means of deriving lung elastic recoil could be of value. There is suggestive evidence that certain variables within the flow-volume loop reflect this. PEF occurred at lower lung volumes in restrictive disease where lung elastic recoil is increased and at higher lung volumes in patients with chronic obstructive lung disease, where lung recoil may be reduced. In obstructive lung disease two patterns of expiratory slowing are seen. In one there is an abrupt fall in flow from PEF with the formation of a sharp narrow "spike" in the flow-volume tracing. In the other the fall in flow is curvilinear throughout with convexity towards the volume axis. We believe a correlation may be found between lung elastic recoil and the change in flow to 75 percent VC (or spike) and perhaps to a greater degree with the acuteness of the angle of the spike. The taller and narrower the spike, the lesser the lung recoil. Further studies are needed in this area.
